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Phenolic compoundsAbstract Interference of Sonchus oleraceus was studied by evaluating its competitive and
allelopathic potential on three weed species: Brassica nigra, Chenopodium murale and Melilotus
indicus. The allelopathic potential of S. oleraceus was assessed using the S. oleraceus-infested soil
collected from its dominating communities and its root exudates trapped using living S. oleraceus,
while its competitive ability was assessed in greenhouse in an additive design with ratio 1:1 at
different densities. The rhizosphere soil of S. oleraceus inhibited germination and growth of B. nigra
and M. indicus. Chlorophyll content of the target weeds was not affected in this test. Soils
containing living S. oleraceus inhibited germination and growth of all weeds except germination
of C. murale. Interspeciﬁc competition reduced germination of C. murale and M. indicus, and
increased mortality of the former at all densities. HPLC analyses for soil samples indicated the pres-
ence of several phenolic compounds among which caffeic acid and catechol were abundant in the S.
oleraceus-infested soil while caffeic and ferulic acids were abundant in its root exudates. The data
suggest that both allelopathic and competitive potential of S. oleraceus function, and its interference
plays at least a partial role in the community organization of weeds in agroecosystem.
ª 2014 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams
University.Open access under CC BY-NC-ND license.Introduction
Weeds are those the noxious plants agroecosystems that could
compete with cultivated crops for resources and, thereby, result
in huge loss in crop yield. Anaya (1999) reported that about12% of the annual loss of crops is due to weed interference.
Both competition and allelopathy, as common weed–crop
and weed–weed interactions, are involved. Several weeds in
the agroecosystem possess allelopathic efﬁciency (Weston and
Duke, 2003). Changes and occurrence of many weed species
may be related to speciﬁc farming systems as well as the
agro-technical treatments such as application of herbicides, soil
tillage, fertilizers, and irrigation (Brand et al., 2007). Likewise,
the composition and structure of weed communities have a sig-
niﬁcant relationship with crop type and soil characters (Hegazy
Table 1 Physicochemical characteristics of the non-rhizo-
sphere and rhizosphere soils (Mean ± S.D.). The non-rhizo-
sphere soil also represents that used in the competition
experiment.
Soil parameter Non-rhizosphere
soil
Rhizosphere
soil
Signiﬁcance
Field capacity (%) 37.25 ± 2.39 37.16 ± 3.99 ns
Sand (%) 58.00 ± 1.19 57.61 ± 2.75 ns
222 M.O. Hassan et al.et al., 2004). Therefore, all these factors may be involved in the
interference between weeds.
Generally, plant–plant interference, in the ecosystems, may
be conﬁned in resource competition and interference competi-
tion, i.e., allelopathy (Grace and Tilman, 1990). The weak
growth of certain species may be obvious under limited
resources due to resource competition (Zimdahl, 1999), while
allelopathy involves growth suppression of a given species
throughout the release of allelochemicals from another plant
(Rice, 1984). As a common phenomenon, allelopathy may
occur in both natural ﬁelds and the agroecosystems (Chou,
1999; Foy and Inderjit, 2001). Allelopathic interactions are
common in weed–crop, weed–weed, crop–crop and crop–weed
relationships (Abbassi et al., 2013). Besides, the allelochemicals
released from the dominant species have great inﬂuence on the
community structure and dynamics through their allelopathic
behavior (Djurdjevic´ et al., 2004, 2011). They may therefore
play an important role in plant diversity and dominance in
the agroecosystem (Chou, 1999). Nevertheless, the matter
under ﬁeld conditions possibly varies. Plant interference, tradi-
tionally, may be conﬁned to competition for resources rather
than allelopathy as some authors may have some doubt about
its existence (He et al., 2012). Moreover, most of the studies in
the ﬁeld of allelopathy overlook the factors inﬂuencing the
relationship between plants, such as competition and biogeo-
chemical cycles of the soil (Mallik, 2005). Furthermore, under
ﬁeld conditions, some studies indicated that allelopathy played
non-signiﬁcant role on the weeds assemblages while the bioas-
says may reﬂect no clear ecological meaning for many commu-
nities (Heisey and Delwiche, 1985; Pisula and Meiners, 2010).
Under natural conditions, both mechanisms cannot be sepa-
rated due to natural complexity (Inderjit and Del Moral,
1997). The study of weed–weed interactions in cropland is
important because such interactions may affect the composi-
tion and structure of weed communities, so increasing our
understanding about the factors that inﬂuence the composition
of weed community in cropland. Such information is pre-req-
uisite for comprehensive weed management programs
(Gomaa, 2012).
The objective of this study was to evaluate the allelopathic
potential and the competitive ability of Sonchus oleraceus
against some weeds which are common associates in
croplands. The results may help to identify the nature of
interference of S. oleraceus with the associated weeds and,
thereby, may help to interpret its role in the organization of
weed communities in the agroecosystem.Silt (%) 22.03 ± 2.67 22.08 ± 0.98 ns
Clay (%) 20.034 ± 1.10 20.23 ± 1.82 ns
Soil reaction (pH) 8.29 ± 0.10 8.29 ± 0.16 ns
Electrical conductivity
(mS cm1)
0.35 ± 0.05 0.35 ± 0.04 ns
Soluble chlorides (%) 0.038 ± 0.003 0.038 ± 0.007 ns
CaCO3 (%) 3.86 ± 0.15 3.85 ± 0.12 ns
Soil soluble salts (%) 0.36 ± 0.04 0.361 ± 0.03 ns
Total N (%) 0.69 ± 0.03 0.687 ± 0.04 ns
Total P (%) 0.23 ± 0.03 0.227 ± 0.02 ns
Total K (%) 0.86 ± 0.03 0.86 ± 0.04 ns
Ca2+ (ppm) 18.4 ± 0.80 18.32 ± 1.00 ns
Zn2+ (ppm) 4.03 ± 0.39 3.93 ± 0.66 ns
Organic carbon (%) 1.99 ± 0.11 2.01 ± 0.11 ns
Organic matter (%) 3.43 ± 0.18 3.42 ± 0.25 ns
ns, non-signiﬁcant results at the P 6 0.05 probability level by t-test.Materials and methods
Investigation of the allelopathic potential of S. oleraceus
In order to assess the allelopathic potential of S. oleraceus, two
sets of experiments were conducted. The ﬁrst is to identify the
effect of S. oleraceus – infested (rhizosphere) soil to examine
whether phytotoxins from S. oleraceus are released into the soil
under natural conditions. The second is to clarify the effect of
growing S. oleraceus individuals on germination and growth of
the associated weeds in greenhouse. Both experiments were
conducted at Beni Suef University (latitude 29180N and
longitude 3190E) under the prevailing environmental condi-
tions during the period of the experiment (11 h light and13 h dark photoperiod, 19.5–29 C day temperature and 5.5–
20 night temperature, and 54–51% relative humidity).
Residual toxicity in soil
Soil samples were collected from the rhizosphere of
S. oleraceus in S. oleraceus-dominating communities and used
as substrate for germination and growth of three target species;
Brassica nigra (L.) W. D. J. Koch., Chenopodium murale L.
and Melilotus indicus (L.), which are usually associated with
S. oleraceus in the weed communities (Hegazy et al., 2004;
Gomaa et al., 2012). Sampling of rhizosphere soil occurred
via careful uprooting of several individuals of S. oleraceus with
their rhizosphere soils and shaking them effectively inside plas-
tic bags to get the treatment soil. Later, such soil is shade-dried
and stored in plastic papers until use. The non-rhizosphere soil
samples were collected from uncultivated ﬁeld; previously
cropped with maize, away from S. oleraceus communities
and were used as control. In 350 ml plastic rounded pots
(10 · 11 cm, each), twenty seeds of each target species were
sown at 0.5 cm depth and the experiment was placed in a pro-
tected area surrounded by a metal mesh not protecting rain to
simulate the natural conditions at the study area (latitudes
28360 to 29260N and longitudes 30360 to 31210E). Soil
properties of the non-rhizosphere and rhizosphere soils are
presented in Table 1. The experiment was maintained in a
complete randomized design with four replicates for 35 days
(1st February to 6th March, 2012) under the prevailing envi-
ronmental conditions.
Effect of living S. oleraceus (root exudates)
Five seeds of S. oleraceus were sown at 0.5 cm depth in each
rounded pot (18 cm · 20 cm, each) containing well-leached
silty loam soil. Leaching process occurred throughout regular
ﬂooding of the pots with distilled water every day for 20 days.
Two healthy individuals of S. oleraceus were left to grow in the
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exudates in tested pots. Control pots were kept without the
seeds of S. oleraceus but were watered regularly in the same
way as the tested pots. After ﬁfty days from germination of
S. oleraceus, thirty seeds of the target weed species (B. nigra,
C. murale and M. indicus) were sown equally spaced in each
pot at 0.5 cm depth. After the emergence, the resulting
seedlings were thinned to ﬁve to avoid competition. All pots
received the same amounts of water and were watered
regularly when needed. The experiment was maintained in a
protected area as mentioned above in a complete randomized
design with four replicates and subjected to the external envi-
ronmental conditions. The plants were harvested after 75 days
(1st February to 14th April, 2012) from sowing.
Harvest and growth measurements
At harvest, soil was removed from each individual plant with
the help of pressurized tap water. For the foregoing experi-
ments, germination percentage was determined at the seedling
stage, while growth measurements; root depth, shoot height,
biomass, leaf area, and chlorophyll content, were determined
after harvest. Leaf areas were measured by weighing their trac-
ings on a high quality paper and comparing them with a paper
of known area and weight (El-Khatib et al., 2004). Determina-
tion of chlorophyll content was achieved by Arnon (1949) and
Coombs et al. (1985). One gram of fresh leaf tissue was ﬁnely
divided in a bottle containing 10 ml of absolute ethanol and
stored in the dark for two weeks. In another tube, 1 ml of
the ﬁltrate was then taken and diluted with 6 ml of absolute
ethanol. Chlorophyll content was measured using a spectro-
photometer (Shimadzu UV–Vis 1601 PC Spectrophotometer,
Japan) at 647 and 664 nm. Total chlorophyll content,
expressed as mg g1 fresh weight, was calculated by summing
up of both chlorophyll a and b using the formula of Arnon
(1949) as follows:
Chlorophyll a ¼ 13:19A664  2:57A647
Chlorophyll b ¼ 22:10A647  5:26A664
Total chlorophyll content ¼ Chlorophyll aþ chlorophyll b
where A647 is the absorbance at wavelength 647, and A664 is the
absorbance at wavelength 664.
Analysis of soil phenolics by HPLC
Extraction of phenolics from soil samples. Non-rhizospheric
and rhizospheric soils collected from ﬁeld and the soil trappingTable 2 Greenhouse experimental design for assessment the comp
nigra, Chenopodium murale, and Melilotus indicus, at three different
Density Monoculture (control pots)
30 30 B. nigra seeds 30 C. murale seeds 30 M. indicus seeds
60 60 B. nigra seeds 60 C. murale seeds 60 M. indicus seeds
90 90 B. nigra seeds 90 C. murale seeds 90 M. indicus seedsroot exudates of S. oleraceus in addition to the soil not planted
with S. oleraceus (control soil for root exudates experiment)
were subjected to analyses via high performance liquid chro-
matography (HPLC). Analyses were carried out for the soils
before sowing the target weeds. Free phenolics were extracted
from 0.5 g of air-dried soil with 2 ml methanol overnight at
room temperature. The top 500 ll of the extract was removed,
passed through 0.45 lm syringe ﬁlter, and stored at 20 C
until analysis. Five replicates were used for identiﬁcation and
quantiﬁcation.Identiﬁcation and quantiﬁcation of phenolic compounds. Pheno-
lic compounds were detected by absorption at 254 nm using
GBC UV–Vis detector (LC 1110 PUMP). Separation was
achieved with a Kromasil 5U column; 4.6 mm · 250 mm, using
WinCrome Chromatography software (version 1.3). The
mobile phase of the instrument was A: acetonitrile: 0.05%
H3PO4 (99:1) and B: water:H3PO4 (99:1) in gradient elution
timetable. A 5 ll was injected into HPLC system in which
the ﬂow rate was 1 ml min1. All chemicals and solvents used
were HPLC grade. The different phenolic compounds in the
samples were determined by comparing the retention times
of known peaks of the following pure standards: p-hydroxy-
benzoic, trans-cinnamic, syringic, caffeic, ferulic, vanillic, sina-
pic and p-coumaric acids as well as vanillin, catechol and
resorcinol (Sigma Aldrich, USA). Height and the area under
peaks from standards were used for concentration calculation.
Concentrations of phenolic compounds were expressed as
lg g1 dry weight.Competitive ability of S. oleraceus
In a completely randomized design with three replicates, a
greenhouse pot experiment was conducted in Beni-Suef Uni-
versity in order to study the competitive potential of S. olerac-
eus with the target weeds; B. nigra, C. murale and M. indicus.
The experimental layout was in an additive design with ratio
1:1 (Snaydon, 1991) with employing of three different seed
densities (as shown in Table 2). Plastic rounded pots
(18 · 20 cm each) were ﬁlled with about 2 kg silty loam soil.
Table 1 shows some properties of the used soil at the beginning
of the experiment. To kill viable seeds in the experimental soil,
the soil was oven heated at 85 C for 48 h. The experiment was
maintained under the above-mentioned environmental
conditions for 75 days (allelopathy experiment). Percentage
of germination and mortality, biomass and leaf area of theetitive potential of S. oleraceus with the target weeds; Brassica
densities (30, 60, and 90 individual per pot).
Mixed culture (test pots)
30 B. nigra seeds + 30
S. oleraceus seeds
30 C. murale seeds + 30
S. oleraceus seeds
30 M. indicus
seeds + 30 S.
oleraceus seeds
60 B. nigra seeds + 60
S. oleraceus seeds
60 C. murale seeds + 60
S. oleraceus seeds
60 M. indicus
seeds + 60 S.
oleraceus seeds
90 B. nigra seeds + 90
S. oleraceus seeds
90 C. murale seeds + 90
S. oleraceus seeds
90 M. indicus
seeds + 90 S.
oleraceus seeds
224 M.O. Hassan et al.tested species were determined in the control and tested pots.
Germination percentage was calculated as the number of
emerged seedlings to the total number of the sown seeds per
pot. Mortality was calculated as the percent of the number
of individuals per pot at the end of the experiment to the total
emerged seedlings. Leaf areas of the target species were deter-
mined as mentioned in the allelopathy experiment.
Soil analysis
Three soil samples from each of the rhizosphere and non-
rhizosphere soils were used for measuring the soil physico-
chemical characteristics. Soil texture was determined by
sieve-pipette method (Gee and Bauder, 1986) using sodium
hexametaphosphate 4% and sodium carbonate 1% as dispers-
ing agent. The soil pH and the electrical conductivity were
measured in a soil–water extract (1:5 w/v) with a digital pH
meter (AD 3000. and conductivity meter (Jenway 3305),
respectively. Percentage of CaCO3 was estimated using 1 N
HCl according to Jackson (1962). Total N was determined
by micro-Kjedahl method (Kapur and Govil, 2000), while total
P and K were measured by the ﬂuoro-boric acid digestion
method (Bernas, 1968). Exchangeable Zn2+ and Ca2+ were
determined by atomic absorption spectrometry following
Allen (1989), while oxidizable organic carbon and organic mat-
ter were determined using Walkely and Black rapid titration
method (Black, 1979).
Statistical analysis
Treatment means of the data due to the allelopathic and com-
petition effects of S. oleraceus were compared to the control
values at P 6 0.05 by t-test. Soil properties of the non-rhizo-
sphere and rhizosphere soils were compared by the same test.
All analyses were performed using the IBM SPSS Statistics
20.0, SPSS Inc., New York, USA software package.
Results
Effect of allelopathy
The effects of S. oleraceus-infested soil on the target species are
presented in Table 3. Inhibition attained due to the effect of S.
oleraceus-infested soil depended on the measured criteria and
the target species. S. oleraceus-infested soil had signiﬁcant
inhibitory effect on number of germinated seeds of B. nigra
and M. indicus. Additionally, all morphological criteria andTable 3 Inﬂuence of S. oleraceus-infested ﬁeld soil (Test) on germ
species in comparison with non-infested soil (Control).
Parameter B. nigra
Control Test
Germination (%) 71.0 ± 0.05 47.0* ± 0.05
Root depth (cm) 13.04 ± 0.79 8.31* ± 0.51
Shoot height (cm) 10.25 ± 0.67 6.79* ± 0.43
Biomass (mg) 20.09 ± 2.63 13.2* ± 1.26
Leaf area (cm2) 16.60 ± 1.02 11.9* ± 1.55
Chlorophyll content (mg g1 FW) 35.58 ± 3.41 35.20 ± 4.12
* Signiﬁcant results at the P 6 0.05 probability level by t-test.biomass were signiﬁcantly reduced (P 6 0.05) compared with
control. For both C. murale and M. indicus, root growth was
more sensitive than shoot growth. S. oleraceus-infested soil
in ﬁeld had non-signiﬁcant effect on chlorophyll content of
the weed species.
The effects of living S. oleraceus (root exudates) on the
target species are clariﬁed in Table 4. The effect of living
S. oleraceus was more severe on the target species compared with
the effect of rhizosphere soil. Living S. oleraceus signiﬁcantly
inhibited germination of both B. nigra and M. indicus. In gen-
eral, there was a signiﬁcant decline in all growth parameters
and chlorophyll content of all the target species in response
to living S. oleraceus (Table 4). Among the target species,
the detrimental effect of living S. oleraceus was more conspic-
uous on shoot height and chlorophyll content of C. murale
with inhibition percents 97% and 62.7% relative to control,
respectively.
Analyses of soil phenolics
Quantitative analyses of phenolic compounds in non-
rhizospheric and rhizospheric soils (ﬁeld soils) as well as soils
containing living S. oleraceus (root exudates) by HPLC analy-
ses are shown in Table 5. Analyses of different soil samples
indicated the occurrence of only two phenolic compounds in
the non-rhizospheric soil (ferulic and sinapic acids) with signif-
icantly higher concentrations in comparison with the ﬁeld soil
under S. oleraceus which contained nine different phenolic
compounds. Caffeic acid and catechol were found abundantly
in S. oleraceus-infested ﬁeld soil (41.2 and 44.0 lg g1 soil),
while they were completely absent in the non-rhizospheric soil.
On the other hand, the soil supporting living S. oleraceus in the
greenhouse contained seven phenolic compounds detected in
S. oleraceus-infested ﬁeld soil but in quite different concentra-
tions. None of the standard phenolics was detected in the
leached soil without S. oleraceus (control). The soil under the
living S. oleraceus in the greenhouse was rich in ferulic acid
(44.0 lg g1 soil), whereas the same phenolic acid was rare in
the ﬁeld soil infested with S. oleraceus (Table 5). Both ﬁeld soil
infested with S. oleraceus and the soil containing living S. ole-
raceus contained very small amount of p-coumaric acid (0.2
and 0.25 lg g1 soil).
Effect of competition
Data representing competition of S. oleraceus with the target
species are summarized in Table 6. The results were species-
and density-dependent. Germination of both C. murale andination and growth performance (Mean ± S.D.) of the target
C. murale M. indicus
Control Test Control Test
89.0 ± 0.1 85.0 ± 0.05 68.0 ± 0.04 42.0* ± 0.08
9.38 ± 1.70 7.4* ± 0.80 17.6 ± 2.4 10.5* ± 0.9
4.44 ± 0.37 4.44 ± 0.55 9.06 ± 0.98 8.1* ± 0.56
14.3 ± 1.33 14.25 ± 20 11.6 ± 1.92 8.61* ± 0.58
14.1 ± 1.12 14.0 ± 1.45 8.81 ± 1.1 6.66* ± 0.83
34.54 ± 3.5 34.12 ± 3.3 25.61 ± 31.06 25.46 ± 3.06
Table 4 Inﬂuence of the soil containing living S. oleraceus (root exudates) (Test) on germination and growth performance
(Mean ± S.D.) of the target species in comparison with S. oleraceus-free soil (Control).
Parameter B. nigra C. murale M. indicus
Control Test Control Test Control Test
Germination (%) 81.5 ± 0.07 24.5* ± 0.07 96.50 ± 0.03 95.5 ± 0.04 77.5 ± 0.06 24.8* ± 0.04
Root depth (cm) 49.8 ± 8.96 13.5* ± 3.10 20.50 ± 3.70 5.70* ± 0.65 20.0 ± 2.45 12.3* ± 1.70
Shoot height (cm) 30.0 ± 5.70 9.5* ± 1.30 17.75 ± 1.70 0.52* ± 0.03 22.8 ± 2.45 6.0* ± 1.70
Biomass (mg) 79.3 ± 1.90 10.3* ± 0.40 49.20 ± 6.10 5.20* ± 0.30 33.9 ± 5.80 2.9* ± 0.30
Leaf area (cm2) 36.07 ± 1.9 4.84* ± 1.4 30.1 ± 1.68 3.55* ± 0.46 18.4 ± 1.98 1.65* ± 0.44
Chlorophyll content (mg g1 FW) 42.4 ± 3.45 26.3* ± 3.04 47.19 ± 4.24 19.14* ± 3.6 37.2 ± 4.16 18.1* ± 2.17
* Signiﬁcant results at the P 6 0.05 probability level by t-test.
Table 5 Concentrations of phenolic compounds (lg g1) (Mean ± S.D.) in S. oleraceus-infested ﬁeld soil (Test) in comparison with
non-infested soil (Control), and the soil containing living S. oleraceus (root exudates) (Test) in comparison with pots without S.
oleraceus (Control).
Phenolic compound Field soil Root exudates (lg g1)
Non-rhizosphere soil (Control) (lg g1) Rhizosphere soil (Test) (lg g1) Control Test
Caﬀeic acid nd 41.2* ± 4.22 nd 26.0* ± 2.88
Catechol nd 44.0* ± 4.30 nd nd
Ferulic acid 20.4 ± 14.5 6.0* ± 4.75 nd 44* ± 4.90
p-Coumaric acid nd 0.2* ± 0.02 nd 0.25* ± 0.07
p-Hydroxybenzoic acid nd 3.0* ± 0.76 nd nd
Resorcinol nd 6.23 ± 1.30 nd 8.38* ± 0.91
Sinapic acid 26.6 ± 3.2 16.1* ± 6.90 nd 16.25* ± 1.9
Syringic acid nd 0.85* ± 0.20 nd 1.93* ± 0.23
Vanillic acid nd 2.0* ± 0.20 nd 3.79* ± 0.42
nd, not detected.
* Signiﬁcant results at the P 6 0.05 probability level by t-test.
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control at all the applied densities, while that of B. nigra was
affected only at densities of 30 and 60. Relative to control, sig-
niﬁcant increase in mortality of C. murale was clariﬁed due to
competition of S. oleraceus at all densities assayed, while that
of B. nigra was not affected at all. For M. indicus, signiﬁcant
increase in mortality (P 6 0.05) occurred in mixed cultures at
densities 30 and 60. The growth ofM. indicus measured as bio-
mass and leaf area was signiﬁcantly reduced due to competi-
tion at 30 and 60 densities, while the growth of B. nigra was
inhibited only at density 30 with respect to monocultures.
Interestingly, signiﬁcant stimulation occurred for growth crite-
ria of C. murale in response to interspeciﬁc competition at all
densities assayed.
Discussion
The present investigation clearly showed the signiﬁcant allelo-
pathic potential of S. oleraceus throughout the root exudates
and the infested ﬁeld soils with the same species. High perfor-
mance liquid chromatography (HPLC) indicated the existence
of water-soluble phytotoxins released into medium. Besides,
interspeciﬁc competition of S. oleraceus with the species under
study was signiﬁcant.
The rhizosphere soil collected from S. oleraceus-dominating
communities and the soil supporting living individuals of the
same species in the greenhouse (root exudates) mostly
inhibited germination and growth of the target species. Severalstudies showed that the rhizosphere soil of some species signif-
icantly reduced germination and growth of the target species
due to several phenolic compounds such as syringic, vanillic
and ferulic acids (Djurdjevic´ et al., 2011; Fahmy et al.,
2012). Such phenolics are commonly involved in the
allelopathic interactions (Rice, 1984) and have been linked to
allelopathy in natural plant communities and cultivated ﬁelds
as well (Einhellig, 2003). Moreover, all the phenolic com-
pounds identiﬁed in rhizosphere soils and root exudates of S.
oleraceus, in the present study, are known as allelochemicals
that were reported to reduce growth and chlorophyll of some
species (Batish et al., 2007; Hussain et al., 2011; Gomaa and
AbdElgawad, 2012). Simple phenolic acids (e.g., ferulic,
p-coumaric, vanillic and sinapic acids) are widespread in root
exudates and soils (Blum et al., 1999), and provide a decisional
role in ecological interference (Skulman et al., 2004; Djurdjevic´
et al., 2011). Non-signiﬁcant differences in soil properties were
observed between rhizosphere and non-rhizosphere soils
(Table 1). This suggests that the inhibitory effects of rhizo-
sphere soil on the target weeds compared to non-rhizosphere
soil are not due to differences in soil properties between the
two soils.
The results indicated that the soil under S. oleraceus in the
weed communities contained a higher concentration of pheno-
lic compounds than soils containing root exudates of the living
S. oleraceus. However, inhibition in germination and growth
of the target species was more pronounced in pot soils
containing root exudates due to the continuous liberation of
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226 M.O. Hassan et al.allelochemicals from living S. oleraceus. The effects of phenolic
compounds on the target species depend upon their bioactive
concentrations, which in turn depends upon the quality of
the phenolics and their renewal rate by the donor plant. A con-
tinuous release of allelochemicals into the soil may be therefore
essential for exhibiting a detrimental effect on other plants.
Living S. oleraceus release allelochemicals continuously
throughout root exudates. The continuous addition of
phytotoxins in the soil may be an inhibitory agency for other
plants at a high density of the donor plant in the area of its
infestation. Furthermore, it was documented that release of
allelochemicals enhances the competitive ability of plants,
and, thereby, increases their interference potential (Gentle
and Duggin, 1997).
The present study clearly showed the interspeciﬁc competi-
tion of S. oleraceus with the studied weeds was obvious against
the target species. The bulk of the literature pointed out com-
petition may be principal reason for reduced fecundity and
increased mortality (Berger et al., 2008). The main cause of
increasing mortality or disappearance of individuals in such
experiment is the self-thinning phenomenon (density-depen-
dent mortality) which is common in crowded populations
(Chu et al., 2010). The signiﬁcant decline in biomass of most
of the target species could be attributed to resource competi-
tion (scramble competition) or inhibiting the access of other
roots to resources (contest competition, such as allelopathy)
(Schenk, 2006). However, interspeciﬁc neighborhoods exhib-
ited signiﬁcant stimulation for growth of C. murale. Previous
studies (Qasem, 1992) clearly showed C. murale is a more efﬁ-
cient nutrient accumulator, particularly for N, P, and Mg, than
many weed species under ﬁeld conditions. It is, also, sensitive
for intraspeciﬁc competition (Qasem, 1997). Moreover, signif-
icant stimulation for growth of C. murale may occur under low
K level or high weed proportion in the medium (Qasem, 2010).
In this study, germination of target species was reduced due
to competition with S. oleraceus. Germination may be delayed
or completely inhibited due to the interspeciﬁc neighborhoods
(TielbO¨rger and Prasse, 2009). Besides, the negative density-
dependent germination was observed by several authors (e.g.,
Grundy et al., 2003; Turkington et al., 2005). Such inhibition
may be related to either competition or allelopathy or both.
Allelopathy may be involved in such inhibition as the young
seedlings may release toxins, the fact highlighted by Elmore
(1980) who noticed inhibition of radical growth of turnip by
the effect of 2 days old seedlings of velvetleaf. Additionally,
the imbibing seeds themselves may exude compounds that
inhibit the neighboring seeds (Wardle et al., 1991).
Allelopathy may have role in weed interference and declin-
ing species diversity (Foy and Inderjit, 2001), and it may have a
signiﬁcant role in community organization (El-Khatib, 2000;
Djurdjevic´ et al., 2004, 2011). Besides, accumulation of pheno-
lic compounds in the soil may inhibit germination and growth
of the associated species (Djurdjevic´ et al., 2011). Therefore, S.
oleraceus may have a partial role affecting community organi-
zation. On the contrary, the results of our study showed that
competitive interference of S. oleraceus was scanty on both
B. nigra and M. indicus at the highest applied density (90 indi-
vidual per pot). Higher densities of the target species may ame-
liorate or cancel the toxic effect of phenolic compounds
released by the donor; the fact of ‘density-dependent phytotox-
icity’ (Weidenhamer et al., 1989; Weidenhamer, 1996, 2006),
and the competition process reduces the allelopathic potential
Interactions between Sonchus oleraceus L. and some weeds in agroecosystems in Egypt 227(Rivoal et al., 2011). Thus, interference of the donor species
may be ineffective under high density of the targets.
In the light of our study, it would not be logic to rely com-
pletely upon competition and allelopathy as common interac-
tions affecting weed behavior. Moreover, we cannot overlook
the effect of human manipulations in application of biofertiliz-
ers and weed control practices. Other factors may be involved
in plant interference such as the inﬂuence of soil-borne micro-
organisms that may degrade or utilize phenolic acids (Blum
et al., 1999) and the environmental factors that affect the path-
ways of phenolic compounds in ﬁeld soils via oxidation, decar-
boxylation, ring cleavage and/or dealkylation (Huang and
Hardie, 2011).
Conclusively, S. oleraceus exerts an allelopathic effect on
some associated weeds in the agroecosystem by releasing water
soluble phenolics into the soil, which may function as allelo-
pathic candidates. Moreover, its competition with them is also
effectual. Ecological interference (summed out by both compe-
tition and allelopathy) of S. oleraceusmay have, at least, a par-
tial role in structure of weed communities or determining
community organization of weeds in ﬁeld.References
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